Objective: Assess literature on exercise as treatment for pelvic girdle and low back pain in pregnancy. Study Design: A systematic review. Background: Pregnancy-related pelvic girdle and low back pain are common. Prevalence rates average near 50%. Assessment of exercise intervention studies may provide evidence to manage this dysfunction. Materials and Methods: Systematic review of prospective clinical trials on exercise for pregnancy-related pelvic and low back pain. CINAHL, MEDLINE, PEDro, and Cochrane databases were searched; reference screening was conducted. Three reviewers used consensus process to select articles for fi nal review. Two of the reviewers independently reviewed the selected articles according to the PEDro Scale. Where available, the reviewer's results were compared against PEDro Reviews; reviewer scores were altered if both reviewers agreed that the published PEDro Score was more accurate. Results: Eleven studies were reviewed. Three were good quality (range, 7-8/10); 6, moderate quality (range, 4-6/10); and 2, poor quality (range, 0-3/10). High-quality studies support the intervention of exercise, either alone or combined with advice or other treatment (support belts, acupuncture) as a means of prevention or management of pelvic girdle and low back pain. One study found aquatic exercise to be of greater benefi t than land-based exercise. Another found acupuncture superior to exercise, which was, in turn, more effective than "standard treatment." Addition of pelvic support belts to exercise intervention did not further decrease pain. Utilization of sick leave confl icted across studies. Conclusions: Exercise may decrease low back or pelvic girdle pain in pregnancy. Heterogeneity of methodology and outcome assessment makes comparison diffi cult. Most studies were of moderate to poor quality.
INTRODUCTION
Estimates of the prevalence of low back and pelvic girdle pain in pregnancy suggest that at least 50% of women experience one or the other or both during their pregnancies. 1 The prevalence numbers vary depending on whether the studies combine these body areas, whether the inclusion criteria are explicitly predetermined, and which measures are used for diagnosis. Women with pregnancy-related musculoskeletal pain often seek care or are referred to physical therapy for care by midwives or physicians. A number of research studies have attempted to identify best intervention and prevention practices for these dysfunctions. Most of these have been found to be of poor to moderate quality when systematically reviewed. [1] [2] [3] Young and Jewell 2 and then Pennick and Young 3 completed Cochrane Collaboration reviews of studies researching prevention and treatment of pelvic and back pain in pregnancy and found that sitting pelvic tilts, water gymnastics, stabilizing exercise, stretching exercises, and a specially shaped pillow (Ozzlo pillow-no longer commercially made) reduced back pain in pregnancy and that water gymnastics decreased sick day usage. They also noted that "physiotherapy" and acupuncture may reduce back and pelvic pain with individual sessions of acupuncture more effi cacious than group physiotherapy in the studies they reviewed. These 2 Cochrane reviews rated 8 articles in total and found only 1 to be of high quality without potential for signifi cant bias.
Stuge et al 1 performed a systematic review of physical therapy for pregnancy-related low back and pelvic pain. This review considered studies that provided exercise, back school, massage, mobilization, electrotherapy, use of a sacroiliac (SI) belt, and water gymnastics. The subjects of these studies were either pregnant women or women in the postpartum period (within 1 year after giving birth). These authors found that only 3 of the 17 were rated as high quality. In 2 4, 5 of the 3 studies, there was no signifi cant difference in pain or functional status noted between the control and exercise groups. The third 6 showed evidence of success with water gymnastics compared with controls, although both groups' pain intensity increased during pregnancy. Although these reviews provide the clinician some assistance in determining best practice, they cover a broad range of interventions and consider both the pregnant and postpartum client/patient. A narrower, focused systematic review would assist clinicians in selection of particular exercises or exercise principles in management of pregnancy-related low back and pelvic girdle pain.
Exercise, as a modality, has received a good deal of research attention in the past decade related to prevention and treatment of pregnancy-related pelvic girdle and low back pain. Exercise is often selected as a fi rst-line intervention by physical therapists and other rehabilitation professionals, probably due to minimal liability when applying this modality to pregnant women. Risk of harm is considered to be lessened with exercise versus other modalities such as manipulation/mobilization, and electricity or thermal agents directly applied to the pregnant client/patient.
As exercise is so commonly considered when treating the pregnant population for low back and pelvic girdle symptoms, this systematic review focused specifi cally on this 1 modality. The purpose of this systematic review, then, is to determine the quality of research available in the English literature related to exercise as an intervention and prevention measure for low back and/or pelvic girdle pain in pregnancy, and to summarize any signifi cant fi ndings of the higherquality studies.
METHODS AND MEASURES

Study Design
A systematic review of English-language experimental design research publications on exercise to prevent or treat low back and/or pelvic girdle pain in pregnant women.
Data Sources and Searches
An electronic database search was conducted using 4 databases (PubMed, CINAHL, PEDro [Physiotherapy Evidence Database], and Cochrane reviews). The reference lists of articles that were selected for basic review from the database searches (74 of them) were scanned and 32 additional articles were identifi ed for further review. No year limits were used in the searches.
The following search terms were used: 1. pubic symphysis, sacral iliac joints, pelvic pain,  posterior pelvic pain, low back pain, back pain,  lumbo pelvic pain, and pregnancy;   2. pubic symphysis, sacral iliac joints, pelvic pain,  posterior pelvic pain, low back pain, back pain,  lumbo pelvic pain, and exercise; and  3. pubic symphysis, sacral iliac joints, pelvic pain,  posterior pelvic pain, low back pain, back pain,  lumbo pelvic pain, and peripartum .
Study Selection
One reviewer (KP) made the initial exclusions based on title and abstract review. See Figure for the selection strategy scheme. Reviewers KP and JB independently considered the fi rst cut of articles to determine which should be subjected to an analysis of methodological quality. Articles were included in the fi nal selection if they: (1) were published in English language, (2) focused on pregnant women, (3) used exercise as an intervention or for prevention, (4) considered low back and/or pelvic girdle pain as a dependent variable, (5) were either a randomized controlled study (RCT) or a prospective clinical trial, and (6) defi ned their outcome measures. The exercise could be delivered by physical therapists or physical therapist assistants, but articles were not excluded if the intervention was delivered by other providers. A third reviewer (JK) was asked to independently consider which of the fi nal list of articles should be considered for analysis based on the previously mentioned criteria. Consensus was obtained between the 3 reviewers and a set of articles to be subjected to analysis was determined.
Determination of Methodological Quality
Quality of the fi nal set of articles was determined by reviewer JB and KP rating each article independently against the PEDro Scale 7 (see http://www.pedro.org .au/wp-content/uploads/PEDro_scale.pdf). This scale was validated in 2009 by de Morton. 8 PEDro is produ ced by the Centre for Evidence-Based Physiotherapy at the George Institute for Global Health in Australia. According to the George Institute for Global Health (in association with the University of Sydney) Web site, the offi cial site of the PEDro information (http:// www.pedro.org.au), "The PEDro scale was developed to help the users of the PEDro database to rapidly identify clinical trials that are likely to be internally valid and have suffi cient statistical information to make their results interpretable." 7 Each article's rating was then discussed, differences in ratings were resolved, and the reviewers' consensus rating was compared with a published PEDro rating if it was available. Another round of discussions ensued if there was a discrepancy in scoring between PEDro scores and the KP/JB consensus scores.
The PEDro system does not categorize or qualify the scores (from 0 to 10) on their Web site. The authors analyzed the resultant scores and determined rating categories based on clustering and consideration of the PEDro Scale items. A rating of "Good' in this systematic review included scores of 7 to 10; "Moderate" included scores of 4 to 6; and "Poor" included scores of 0 to 3.
RESULTS
Included Studies
Twenty-three studies were evaluated as to propriety for methodological assessment. Reviewers JB and KP agreed initially on 10 studies for fi nal review. Reviewer 3, JK, suggested 1 additional study from the original 23. She felt that the study met the aforementioned criteria for inclusion despite the brevity of the article (2 pages). A consensus process determined this addition was appropriate resulting in the fi nal number of 11 studies evaluated against the PEDro Scale. Table 1 presents the scoring, after consensus was reached between reviewers and any previously published PEDro scores, for the 11 articles subjected to methodological review. 5, 6, [9] [10] [11] [12] [13] [14] [15] [16] [17] Three were found to be of good quality (range, 7-8/10); 6 of moderate quality (range, 4-6/10); and 2 of poor quality (range, 0-3/10). In 2 instances 9,15 the authors lowered their ratings after consulting and considering available PEDro reviews.
Assessment of Methodological Quality
Study Characteristics
See Table 2 for the list of 11 studies and their characteristics. Some of the studies included pregnant women with low back or pelvic girdle pain (5 studies) and some strictly looked at "healthy" women as well as general anaerobic exercise. Morkved et al 14 found no difference in use of sick leave between the control group and the exercise group.
Of those studies rated as moderate-quality, 1 study found aquatic exercise to be of greater benefi t than land-based exercise. 12 Depledge et al 9 found that the addition of pelvic support belts to their exercise intervention did not further decrease pain, but that all the 3 exercise groups studied (2 had belts prescribed in addition to the exercise intervention) improved both in pain reports and function. Kashanian et al 13 demonstrated that after 8 weeks of supervised exercise, pregnant women at 24 weeks' gestation rated their pain as less severe than a control group. The numbers in this study were very small and the exercise protocol was not well detailed. Kihlstrand et al 6 studied healthy women in the second half of pregnancy and compared controls with exercisers partaking in water gymnastics. Both groups had an increase in low back pain intensity but the water exercisers reported less severe pain and had fewer women on sick leave. The exercise protocol was not provided in the article. Nilsson-Wikmar et al 5 divided their patients into 3 groups; 1 group was given information and an SI belt, 1 with home exercises was also given information and a belt; and 1 group had supervised exercises as well as the information and belt. There was no difference in pain levels or functional scales among the 3 groups across any of the measurement points. All the 3 groups had decreased levels of pain compared with their pregnant baseline when measured at 12 months postpartum. Shim et al 16 found a signifi cant reduction in back pain in the group that performed Williams fl exion and other exercises compared with a control group after 12 weeks. Their cohort, like that in the Nilsson-Wikmar study, already had back pain or pelvic girdle pain upon entry into the study. Suputtitada et al 17 also found signifi cantly less back pain in their exercise cohort after an 8-week program of only 1 home exercise, the sitting pelvic tilt exercise as their intervention. The article describes the exercise well and seems to more truly represent a rise from heel-sitting or a "reverse-hinge" versus a seated pelvic tilt. There were only 32 patients in both the Shim et al and Suputtitada et al studies and patients were further divided into exercise and control groups.
Comment
A prevalence of low back and pelvic girdle pain noted as at least 50% in the 3 high-quality and 8 lesser-quality studies reviewed in this article arguably suggests a global need for coordination of effort toward optimal research methodology and selected outcome measures for the prevention and treatment of low back and pelvic girdle pain during pregnancy.
(5 studies), that is, those with no symptoms of low back or pelvic girdle pain at the time of enrollment in the study. One study 15 was unclear in the subject criteria but appeared to have a mix of women with and without symptoms at the time of enrollment. The duration of the interventions varied from 1 week 9 to 28 weeks 12 as did the gestational time of enrollment. None of the studies included women in their fi rst trimester, with most beginning in the second trimester. Seven of the 11 studies were true RCTs; 2 of the 11 were randomized but had no control group 9, 12 ; and the remaining 2 had quasi-RCT designs 15, 16 where the exercise group was compared with control groups but true randomization did not occur.
Exercise interventions included pelvic and trunk stabilization protocols, 5, 9, 10, 14 stretches for a muscle group, 5,10,13 water gymnastics/aerobics, 6, 12 landbased aerobics, 5, 12, 14 abdominal strengthening not identifi ed as "stabilization exercises," [11] [12] [13] 17 strengthening exercises for muscle groups, [11] [12] [13] [14] pelvic fl oor muscle strengthening exercises noted separately from stabilization protocols, 14, 16 and 1 study focused on Williams fl exion exercise s protocol. 16 Some of the studies included multiple interventions such as addition of pelvic-ring stabilization belts, advice or education (on body mechanics/ergonomics, physiology and anatomy, and/or relaxation), and acupuncture. Parameters of exercise offered to the patients varied greatly as seen in Table 2 . The frequency of supervised group exercise ranged from 1 time per week 6, 10, 12, 14 with the rest reporting 2 or 3 sessions per week. 5, 11, 13, 15, 17 Two of the studies focused on daily home exercise, 9, 16 2 included both supervised and home exercise group allocations, 5, 15 and 1 study had the patients in the exercise group perform both in-clinic exercise twice per week and thrice per week home exercises. 17 Repetitions of exercises were rarely given. All the 11 studies measured pain as an outcome and 3 studied use of sick leave. 12, 14, 15 Three measured functional status as well. 5, 9, 16 
Effectiveness of Exercise as an Intervention or as Prevention for Low Back/Pelvic Girdle Pain in Pregnancy
The 3 high-quality studies evaluated in this systematic review 10, 11, 14 support the intervention of exercise, either alone or combined with advice, education, and pelvic belts as a means of prevention or management of pelvic girdle and low back pain. One of these studies found acupuncture superior to exercise, which was, in turn, more effective than "standard treatment." 10 The Elden et al 10 This systematic review was undertaken to contribute to such efforts. As described in Stuge et al, 1 a thorough review of the literature is crucial to the validity of a systematic review. To the authors' best knowledge, the present review includes the largest number of databases (4) and participants (2081 in the total 11 studies) involved in exercise as a primary intervention for low back and/or pelvic girdle pain in pregnancy of any systematic review on the topic to date. Quality assessment criteria in the present review focused on the PEDro scoring tool, which includes a 10-point scoring system. Although ability to demonstrate the validity of any of the research-article scoring systems is limited because there is no "gold standard," 18 The PEDro Scale was judged by the authors to be more extensive (eg, includes betweengroups statistical comparisons and point measures and variability data not included in other tools) and more specifi c to the physical therapy profession than scoring systems utilized in previous reviews on this topic. Young and Jewell 2 utilized criteria from the 2001 version of the Cochrane Systematic Review Handbook, the Stuge et al 1 review included a "four criteria form pilot tested earlier" and Pennick and Young 3 used a 5-point criteria system: selection bias, allocation concealment, attrition bias, performance bias, and intention-to-treat analysis. A strength of the Pennick and Young's 2008 review 3 was avoidance of any language restriction to its literature search but it did not include the 2007 Morkved et al 14 study, which was found in this review to be of high quality.
Like Pennick and Young, 3 our review specifi cally focused on low back and pelvic girdle pain during pregnancy (as opposed to Stuge et al 1 who included both pregnant and postpartum women). Our review is unique, however, in that it is the fi rst to concentrate analysis on studies focused on exercise as the primary intervention for the prevention of back and pelvic pain in pregnancy; previous reviews included studies involving any/all physical therapy and rehabilitation interventions such as manual therapy, support pillows, back school, modalities, or exercise, and included assessment of studies for both pregnant and postpartum women.
Lumbopelvic stabilization protocols were used for exercise intervention in a number of the reviewed studies. Rationale for the use of lumbopelvic stabilization exercise in treatment of pelvic girdle pain primarily hinges on the goal of affecting dysfunction of the muscle-tendon-fascia system that controls force closure of the pelvis. 19 Possible mechanisms by which this intervention may yield reduction in low back and/or pelvic girdle pain during pregnancy include increased muscular strength to offset hormone-driven (eg, estrogen, relaxin) ligamentous laxity about the pelvis and the linea alba of the rectus abdominus muscles, and increased muscular endurance to counter common end-of-day fatigue, and soft tissue "creep effect" pain etiology. 20 This current systematic review found evidence in 3 high-quality studies with suffi cient methodological integrity to support exercise as an intervention for low back and pelvic girdle pain. The 2 most recent systematic reviews performed on obstetric clients/ patients to assess interventions for lumbopelvic pain confl ict with each other as to the effectiveness of exercise as an intervention for lumbopelvic pain. Stuge et al 1 describe "no difference" between the exercise and control groups in the studies they found to be of "high quality," whereas Pennick and Young 3 describe trends toward reduction in low back and pelvic girdle pain with group exercise. Pennick and Young's 3 conclusions contrast with the earlier review by Young and Jewell 2 that suggested that perhaps the individualized attention given in 1-on-1, versus group intervention effects from acupuncture or physical therapy intervention, lead to reduced pain ratings. Pennick and Young 3 also concluded that the studies they reviewed were poor and the methodological fl aws rendered generalization of results, an endeavor to be undertaken with caution.
Limitations of the Reviewed Studies
Previous studies have suggested that the normal progression of low back pain peaks during pregnancy between 12 and 30 weeks 21, 22 and SI joint pain progressively increases with advancing pregnancy. 23 The former would suggest that postintervention testing completed after 30 weeks may be confounded by natural pregnancy progression (time, physiologic changes) if back pain ratings were to decrease. In contrast, outcome fi ndings of pelvic girdle pain reduction may more likely be due to the actual intervention itself. Post-tests in the high-quality studies in this review occurred at the following assessment points: Morkved et al 14 be ruled out due to the potential for cointervention (provision of unintentional additional care to control or intervention group). There was no mention of the specifi cs of the advice; was it scripted? What was recommended when patients called? This may have affected the study results.
High-quality study design does not necessarily equate to high-quality intervention. All the 3 highquality studies found lumbopelvic stabilization or abdominal and hamstring strengthening helpful as an intervention, with 2 of these 3 studies appropriately accounting for the natural progression of pain effect, which suggests that strengthening exercises for the trunk and pelvis region are a common factor in improving pelvic girdle, and possibly low back, pain in this population. However, drawing clinical conclusions from the current review's 3 high-quality studies, despite each of their specifi c strengths, must be done with caution and recognition of the fl aws and concerns discussed earlier.
Suggestions for Improvement in Research Methodology for Trials on Exercise as in Intervention for Low Back and Pelvic Girdle Pain in Pregnancy
Standardization of specifi c exercise protocols (including detailed/scripted information on repetitions, intensity, duration, cues for form/technique) and consideration of the effects of individual-versus groupexercise interventions are recommended. Consistent separation of patients with lumbar versus pelvic girdle pain etiology including delineation of subgroups of pelvic pain as previously described by Albert et al 26 would assist in improvement of external validity and comparison between studies. Studies that focus on prevention should ensure patients are pain free at the start of intervention.
Limitations of This Review
A limitation of this systematic review is its narrative rather than quantitative nature; meta-analysis was not performed. The databases were searched only for studies published in English language leading to the potential for omission of high-quality studies in other languages.
CONCLUSION
Exercise may decrease low back or pelvic girdle pain in pregnancy. Heterogeneity of methodology, specifi c exercise protocols, and outcome assessment makes comparison diffi cult. Most studies were of moderate to poor quality. The 3 studies found to be of high quality, support the intervention of exercise, either alone or combined with advice, education, and pelvic belts as a means of prevention or management of pelvic girdle and low back pain. Future research on exercise High-quality studies rated in this review each had strengths and weaknesses. Strengths included power analysis reporting in all the 3 high-quality studies suggesting attention to precision or accuracy of results. In addition, Morkved et al 14 described their exercise intervention in high detail resulting in an ease of reproducibility.
Weaknesses included issues with outcome measures, imprecise reporting of interventions used, and inclusion of pregnant patients both with and without pain at the time of enrollment. Garshasbi and Faghih Zadeh 11 did not include intention-to-treat analysis. Morkved et al 14 did not report reliability for at least 1 of the outcome measures (balloon catheter to measure pelvic fl oor muscle strength) and there were numerous tests/measurements and additional outcome tracking layers to the study (eg, primary aim was prevention and treatment of urinary incontinence and secondary aim was prevention of lumbopelvic pain in pregnancy and postpartum). Although it could be hypothesized that the same program would be appropriate for both aims, inclusion of multiple aims may also cloud the subtle differences in particular variations of the program that may benefi t one aim more or less than the other or even affect the outcomes in opposing directions. 24 Elden et al 10 describe an intervention group that received acupuncture, performed twice per week for 6 weeks, and a second intervention group that received individual stabilization exercises performed for a total of 6 hours over 6 weeks. The exercise intervention may not have met standard training principles regarding exercise intensity and duration 25 with regard to strengthening the deep lumbopelvic stabilizers. Garshasbi and Faghih Zadeh 11 did not provide suffi cient detail on specifi c exercise intervention for adequate reproducibility, for example, whether deep stabilizing muscles such as pelvic fl oor muscles were cued for activation or parameters for intensity and repetition.
Studies are considered to be of higher quality when they exhibit strong internal and external validity. This is partially due to a reduced likelihood in such studies of chance effects leading to random errors (eg, "false negative" or "false positive") in results. 18 Critical fl aws including lack of intention-to-treat analysis, failure to blind assessors, and small sample sizes (which may affect baseline variability-and thus inadequate representation of the population at largewithin the sample) were major limitations of the 6 moderate-quality studies reviewed. One moderatequality study by Nilsson-Wikmar et al 5 did include intention-to-treat analysis, but methods included encouragement of patients in all the 3 groups to call the physical therapist with questions or concerns "at any point in the study." Performance bias cannot
